Polarization switching between orthogonally polarized modes is commonly observed in Vertical Cavity Surface Emitting Lasers (VCSELs) as one parameter, usually the injected current, is varied. The frequencies of the two orthogonally polarized modes are split by birefringence. The switching from the high to the low frequency mode is usually referred to as type I switching, and the opposite one as type 11. In the literature these phenomena have been attributed to two completely different mechanisms. In one series of works polarization switching is explained in terms of the modification of gain with increasing current due, for instance, to ohmic heating. A different approach, the Spin Flip Model (SFM), describes polarization switching as dynamical instabilities arising in a set of complex rate equations, where an essential role is played by the a parameter and the finite spin-flip time.
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A relevant difference between the two theoretical models is the following: SFM can account for both type I and type I1 switching, while only type I switching can be easily explained as an effect of the gain redshift with respect to the cavity modes due to carrier heating. Only if the photon energy dependence of cavity losses is included in the thermal model, type I1 switching can also appear, but it is always preceded by a type I switching.
The experimental demonstration of type I1 switching [ I ] has two consequences: on one hand it is a confirmation of the validity of the SFM, on the other hand it requires a better comprehension of the switching mechanism within that model.
According to SFM in type I1 switching the transition from the low to the high frequency polarization modes is preceded by the emission of elliptically polarized light. In fact, the lower frequency mode looses its stability through a static instability, which means that beyond the instability threshold the two orthogonally polarized modes are frequency locked and the emitted light is elliptically polarized. Increasing the injected current, the elliptically polarized state destabilizes and the VCSEL emits unpolarized light until it switches to the high frequency mode.
A detailed analysis of the properties of the elliptically polarized state in SFM is essential for a full understanding of the experimental results. We studied the stationary properties of this state and its stability, considering both birefringence and dichroism. We found that for small values of the a parameter the transition from the lower frequency mode to the elliptical state may be subcritical. As a consequence, bistability between the linearly and the elliptically polarized modes exists, with jumps from one state to the other when the injected current is varied. In an experiment, the existence of such a bistable domain could lead to noise induced hopping from one state to the other, close to the instability threshold of the lower frequency mode. We checked that gain nonlinearities due to spectral hole burning favors subcriticality [2] .
The stability analysis of the elliptically polarized state also reveals some unexpected features. The extension of the stability domain varies remarkably in dependence of the birefringence parameter yp. We can identify two values ypl and yp2, with yPl<yp2, such that the stability domain is quite small for yp<yp2, but it displays a maximum around ypl. At yp=yp2 the size of the stability domain suddenly increases and it remains almost constant for any yp>yp2.
We believe that our analysis could help to better understand the role of nonlinearities in polarization switching in VCSELs.
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